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Introduction {#sec005}
============

The World Health Organization (WHO) recognizes the need to address the epidemic of poor oral health, acknowledging poverty, inequality, and systemic disease as contributing factors, in addition to traditional oral health risk factors such as smoking and diet \[[@pone.0233437.ref001]\]. Currently an estimated 3.5 billon people live with oral health conditions ranging from caries to severe periodontal disease and even edentulism \[[@pone.0233437.ref002]\]. In 2015, over 2 billion people worldwide (approximately 35% of the population) were living with untreated dental caries on permanent teeth, making caries one of the most common health conditions \[[@pone.0233437.ref003]\]. Moreover, severe periodontal disease affects around 10% of the global population and rates have remained stable since 1990, making it one of the top ten most common health conditions \[[@pone.0233437.ref003]\]. Poor oral health can also contribute to systemic diseases, such as cardiovascular disease and diabetes, and may be debilitating to both individuals and communities \[[@pone.0233437.ref004]\]. Yet, oral diseases are preventable or easily treated early in the disease process. Current health care delivery models, however, often constrain early diagnosis and treatment due to a limited number of available providers and treatment options and/or a lack of understanding of available services \[[@pone.0233437.ref005]--[@pone.0233437.ref007]\].

Access to high quality oral health care is of particular concern in low-income countries and resource-poor communities due to limited infrastructure and a shortage trained oral health providers serving the public sector. The South African health care system, for example, faces ongoing challenges with access to and utilization of care in the public sector, and high-quality oral health services are no exception \[[@pone.0233437.ref008]--[@pone.0233437.ref011]\]. Previous work by our group \[[@pone.0233437.ref012]\] and others \[[@pone.0233437.ref013]\] examined patient experiences accessing oral health care in township settings (resource-poor communities of low socioeconomic status) surrounding Cape Town; we found that common knowledge of care delivery among patients consisted almost entirely of tooth extractions, which dissuaded community members from seeking oral health care \[[@pone.0233437.ref012],[@pone.0233437.ref013]\] Additionally, our study found that patients with oral health complaints may present late in disease progression to health centers that lack oral health services. Lack of patient knowledge of oral health care services, as well as lack of access to and availability of preventive care, contributed to this finding. Patients presenting to these facilities were often provided with suboptimal treatment or referrals to oral health clinics where limited treatments are available or were turned away. New models for improved dental care and outcomes in resource-poor settings are needed.

To understand the key elements for designing such models, we conducted a qualitative study among medical providers in a Cape Town township. We explored factors that impact patients' ability to access high quality and expeditious oral health care by understanding medical professionals' knowledge of oral health, the care they provide to patients presenting with oral health complaints, and their perceptions of potential interventions to improve oral health care delivery.

Methods {#sec006}
=======

Study site {#sec007}
----------

Qualitative interviews took place in January 2019 in Gugulethu, a township community located outside of Cape Town, South Africa. Gugulethu has a population of approximately 100,000, among whom socioeconomic status is generally low. Local public sector health services are provided free-of-charge and are the main source of primary health and oral health care for this population, as well as those residing in the surrounding townships such as Crossroads, Nyanga, and Khayelitsha \[[@pone.0233437.ref014]\]. Residents of Gugulethu may seek medical services in neighboring townships as well. The study recruited from the Gugulethu Community Health Centre (GCHC), which is a primary health care facility broadly representative of the spectrum of primary care services across similar townships surrounding Cape Town. In Gugulethu, free oral health services are only provided at once facility called NY1 Clinic, which is affiliated with GCHC but located approximately one kilometer away.

Sampling and recruitment {#sec008}
------------------------

The study population consisted of health care providers currently working at GCHC. Eligible participants included doctors, clinical nurse practitioners, professional nurses, and health promoters (i.e., lay individuals who provide education on relevant health care topics to patients in the waiting room). All providers who had practiced at GCHC for greater than one month were interviewed.

Qualitative data collection {#sec009}
---------------------------

Prior to any data collection, the interviewer (RFL) established rapport and trustworthiness at the clinic through several informal visits. His credibility was supported through an introduction by author CO, who has worked with the community for 20 years. To prevent reflexivity and bracketing, the RFL reassured staff that their opinions were highly valued and should not be influenced by himself or others. A single, one hour long, in-depth, semi-structured, qualitative interview was conducted with each participant at the time of enrollment. Open-ended questions elicited (1) knowledge of oral health, (2) experience with caring for patients with oral health conditions, and (3) perceptions of interventions aiming to increase access to and utilization of oral health care. A R100.00 (approximately US \$7.00) shopping voucher was issued to each participant in appreciation of his or her time. Interviews were conducted in a private location in English (English is routinely used among health care professions and all participants were fluent in it) and were audio-recorded with the participant's permission.

Data analysis {#sec010}
-------------

Factors influencing access to oral health care were identified using an inductive conventional content analytical approach based on grounded theory \[[@pone.0233437.ref015]\]. Using NVivo 12.2.0, two investigators (RFL, AY) thematically coded the first five interviews and a codebook was created. This codebook was iteratively updated to represent new, recurrent themes, pulled directly from the text data, which were then applied to all transcripts. The influence, relevance, and meaning of each theme were discussed among authors RFL, JEH, and AY and were then grouped into descriptive categories. The participant's thoughts and beliefs that comprise each theme were highlighted by specifically chosen quotations from the interviews. Full transcripts of the interviews and the codebook are available upon request and will be redacted appropriately to maintain anonymity of participants.

Ethical approval {#sec011}
----------------

This study was approved by the University of Cape Town Faculty of Health Sciences Human Research Ethics Committee, Cape Town, South Africa (HREC REF: 643/2018), the Western Cape Provincial Health Research Committee (Reference: WC_201510_035), Partners Healthcare Institutional Review Board, Boston, MA (Protocol\#: 2018P002269), and Harvard T.H. Chan School of Public Health Office of Human Research Administration, Boston, MA (Protocol\#: IRB18-2098). Written consent was obtained from all participants.

Results {#sec012}
=======

Participant characteristics {#sec013}
---------------------------

A total of 20 participants were invited to enroll and all agreed to the interview ([Table 1](#pone.0233437.t001){ref-type="table"}). Thirty percent of the participants interviewed were doctors, 40% clinical nurse practitioners, 25% professional nurses, and 5% health promoters. Seventy-five percent of the participants were female. Participants reported generally seeing an average of 29 patients per day and had spent an average of 2.7 years (standard deviation: 2.1 years) working as health care professionals at GCHC.

10.1371/journal.pone.0233437.t001

###### Participant characteristics.

![](pone.0233437.t001){#pone.0233437.t001g}

  Demographics                                 Men              Women            Total
  -------------------------------------------- ---------------- ---------------- ----------------
  Total                                        5                15               20
   Doctor                                      3                3                6
   Clinical Nurse Practitioner                 2                6                8
   Professional Nurse                          0                5                5
   Health Promoter                             0                1                1
  Average length of employment in years        1.9 (SD = 0.9)   3.0 (SD = 2.4)   2.7 (SD = 2.1)
  Average number of patients treated per day   30 (SD = 3.5)    28 (SD = 7)      29 (SD = 6)

SD = standard deviation.

Qualitative interview results {#sec014}
-----------------------------

Thematic saturation was achieved with the interviewed sample; multiple themes were identified within the three broad subject areas: oral health knowledge, patient care for oral health complaints, and potential interventions. First, within content area of oral health knowledge, the following themes were identified: (1) personal responsibility for hygiene, (2) need for routine dental/oral heath care, (3) lack of knowledge among medical professionals, (4) impact of poverty on oral health, and (5) an oral-systemic connection. Discussions of patient care elicited themes falling under concepts of 'clinical care knowledge' or 'uncertainty in managing patients with oral health complaints.' The concept of 'clinical care knowledge' contained the sub-themes (1) chronic disease management, (2) oral health counseling, and (3) limited access and resources. 'Uncertainty in managing patients with oral health complaints' included (1) insufficient training, (2) referral and available services, and (3) follow-up. Finally, participants independently suggested interventions in three broad areas: (1) education, (2) expanded provider roles, and (3) colocation of services.

Oral health knowledge {#sec015}
---------------------

### Personal responsibility for hygiene {#sec016}

Participants generally described oral heath as dependent on patients taking responsibility for their own care. Each participant stressed in importance of oral hygiene, including brushing and flossing in preventing oral disease. Participants stressed that oral hygiene was an important part of home care:

> "Yes, so for me, it would be like I think of things that we do at home, brushing our teeth, flossing regularly." (Doctor)

few participants mentioned the impact of diet on oral health. These participants noted that foods rich in sugar and acid contribute to the progression of caries and, therefore, patients should minimize consumption of sweets and related foods.

> "The fizzy drinks, drinks like Coke, those that have acids, all those contribute in causing the teeth to decay. Then sweet things like cakes and sweets, and then when you chew the sweets every time, they cause those things." (Professional nurse)

### Routine dental/oral health care {#sec017}

Participants described annual or biannual exams and cleanings with a dentist as an integral aspect of good oral health. They acknowledged limited access to such services among their patients or uncertainty as to whether members of the Gugulethu community have access to or value annual oral exams.

> "The mouth must be clean, and there must be fresh breath, not smelly breath, and then you must wash your teeth. It's advised to go to the dentist six monthly, of which it's not happening." (Clinical nurse practitioner)
>
> "They are not going because if there is no pain, if there is no trouble with their teeth, they tend to let it go. It's ignorance, or because those services are full, so if you always go there, you are always turned away. They say it's full today, come tomorrow, and then you tend to say hey, anyway, my teeth are not sore. I can just stay with my teeth as they are, until I have got a problem." (Clinical nurse practitioner)

Participants understood the importance of regular dental visits and cleanings and stated that these exams are central to disease prevention.

> "Routine or a regular follow up with a dentist or a dental hygienist, just to check up on things and sort of almost manage things prophylactically before they would become an issue, yes." (Doctor)

### Lack of knowledge among medical professionals {#sec018}

Participants explained that they do not have solid foundational knowledge of oral health. This lack of knowledge varied and related to all oral health, prevention of oral disease, and/or diagnosis and treatment of conditions affecting the oral cavity. One participant explained how the poor oral health status of patients underscores their own lack of oral health knowledge.

> "...when I see patients with obviously very poor dental hygiene, I do sometimes question my training a little bit. Why, as a doctor, don't I know more about the teeth and the conditions of the mouth and gums and teeth, in specific." (Doctor)

### An oral-systemic health connection {#sec019}

Although participants expressed uncertainty regarding their knowledge of oral health, they were able to explain the relationship between systemic and oral health. They commented that systemic diseases, both infectious (*e*.*g*., HIV) and noncommunicable (*e*.*g*., diabetes), can manifest in the oral cavity or how oral disease can impact overall health. One participant suggested that prevention of oral disease may help prevent systemic disease.

> "I have heard that there are definitely risks with poor oral hygiene, and there are risks associated with heart disease and things. I mean, essentially, if we are trying to prevent these things, the more routes you can try to prevent heart disease, the better. It's not rocket science, like brushing your teeth and looking after your oral health." (Doctor)

### Understanding the impact of poverty on oral health {#sec020}

Participants suggested that poverty impacts their patients in countless ways, including oral health. Some stated that poverty directly contributes to poor oral health status. One participant questioned whether patients have access to public resources, such as water and sanitation, which may make oral hygiene difficult.

> "...do people have access to like water and sanitation, and are they able to access basic things like toothbrushes and toothpaste, and are they able to brush their teeth and look after their oral health or dental health?" (Doctor)
>
> "I said you must clean your mouth so many times, and maybe they don't have the resources to do so. If I don't work, and I have this toothpaste, I would want to use it once a day rather than using it twice a day. If I stay in the bundus \[rural areas\], there is no water. I wouldn't want to use that water to rinse my mouth each and every time I have eaten. I would rather save the water and only wash my mouth in the morning." (Professional Nurse)

Another participant suggested that patients do not have the economic resources to afford supplies required for basic oral hygiene.

> "I would say maybe it's just a social economic status, not being able to afford toothpaste and stuff, and other oral cleaning agents" (Clinical nurse practitioner)

While participants stressed personal responsibility for hygiene and understood the importance of the oral-systemic connection, they were also aware of the barriers that their patients faced contributing to poor oral health.

Addressing patient care for oral health complaints {#sec021}
--------------------------------------------------

### Clinical care knowledge {#sec022}

In addition to the aspects of oral health knowledge noted above, participants expressed knowledge regarding care delivery for oral health. Many of the cases managed by the participants of this study involved chronic disease. Chronic care does exist but does not currently include oral health. Participants discussed treatment of patients with chronic illnesses, such as diabetes and hypertension, using strategies including lifestyle modification and dietary changes.

> "The diet, you must eat less sweets and less fat. What you have at home, you must not always fry. You must always cook it, and we must always have some veggies on our plates. We must be careful not to eat too much starch." (Health promoter)

Some participants explained that they have discussed oral health with patients and occasionally provided oral health counseling by both encouraging behavioral change and providing information about dental/oral health care.

> "I will tell the client as we do bloods \[phlebotomy\] that it's also important to look into the oral health. Just to prevent all these complications with the dental issues." (Clinical nurse practitioner)
>
> "I think all that gooey stuff that gets stuck in your teeth, I tell patients not to eat those things." (Doctor)

Participants also understood potential barriers to oral health care facing their patients, including lack of available services, perceived lack of treatment options, and a lack of supplies necessary to address oral health needs.

> "I have been told that at NY1 \[clinic\] there is only one dentist. So, I would assume that obviously affects the number of patients that can be seen on a day." (Doctor)
>
> "We have a limited supply of things that can help the mouth, so I mean, these days, we have no Nystatin drops or lozenges, so we have to give them fluconazole for candida, which is ridiculous. I mean, it doesn't make sense to take a systemic drug for a local condition, and I think it has to do with supply issues, rather than a coding issue." (Doctor)

### Uncertainty in managing patients with oral health complaints {#sec023}

While participants did understand some factors contributing to poor oral health and barriers to dental care for the population that they serve, participants expressed uncertainty when providing care for patients with oral health complaints. This uncertainty involved their own knowledge and training, the referral process, services available to patients with referrals, and the follow up process. Many participants mentioned that while they did often address oral condition (*e*.*g*. dental abscesses, gingivitis, Kaposi sarcoma), their lack of training in oral health led to a lack of confidence in their approach. One participant discussed uncertainty in both diagnosis and treatment plan for a patient with a potential dental abscess.

> "Usually I hope for the best \[chuckles\] because ideally, like it would be great if it was a dental abscess, they're going to either pull the teeth or give them antibiotics, and you kind of like hope okay, I'm hoping the antibiotics makes a bit of a difference until at least they see them, or I'm hoping this is the right antibiotics that I am giving." (Doctor)

Most participants described referring patients for oral health care, albeit with limited knowledge of the available services. The process ranged from providing the patient with a formal a letter to just explaining to the patient that they must seek oral health care. Participants generally were unfamiliar with the NYI dental clinic to which they were referring.

> "I've been told by my colleagues that there is a dentist at NY1. I have got no idea where NY1 is, or what services are provided there, or what the waiting times for patients are. So, at the moment I'm not comfortable at all. All I can do is tell the patient, I mean, obviously if it's not an emergency, I will say there is a dentist at NY1, you can go and seek assistance there." (Doctor)

One participant stated that his or her lack of knowledge of available services causes him/her discomfort.

> "I mean, it makes me a little bit uncomfortable that I don't know exactly what services I am referring to, which isn't great. I haven't had much exposure to dentistry in the past. I've never had someone at the same facility who I can go and talk to, and like gain a bit of experience from. So when it comes to dentistry, I'm not very comfortable." (Doctor)

Participants also stated that they do not have the ability to appropriately follow up with patients, so they are unsure whether those who they refer are receiving care.

Perceptions of oral health interventions {#sec024}
----------------------------------------

### Education {#sec025}

Despite the uncertainty in how to care for oral health, participants had multiple suggestions for how to deliver oral health education to providers. Participants presented strategies to gain more knowledge of oral health and dentistry including medical education reform, continuing education for medical professionals, and informal training provided to GCHC employees. Some participants also mentioned individual efforts to gain knowledge (e.g., reading textbooks about oral health). One participant suggested that educating providers on oral health prevention strategies might contribute to lowing costs, as well as improved health.

> "It's important for us to expand our knowledge on oral health because prevention is better than cure. In terms of costs, it's a problem because if we are able to prevent the problem, then we are going to serve in terms of budget and stuff. For the patient as well, to save the patient's time and money and all those things, to come to the clinic for the thing that was supposed to be prevented through health education." (Clinical nurse practitioner)

Similar to the health counseling noted above, participants discussed the utility in providing oral health education to patients. Suggested interventions included direct communication between providers and patients, presentations on oral health topics by clinic staff, and provision of information for patients about where oral health services are available in their community.

> "I think as doctors, we don't address oral health, unless it's a problem. Like especially with prevention, when we are talking about diet and stuff it's probably a great idea to talk about brushing your teeth and if there are problems go to a dentist." (Doctor)

Most participants felt strongly that health promoters are a valuable resource for providing health care information to patients. All participants stressed that health promoters should be trained to deliver oral health education as one of the medical topics

> "We have health promoters, and we have a waiting area where there are lots of patients. I think that would also be a great area to actually talk to patients about things like oral health because first of all, the health promoters speak Xhosa, so what they say tends to hit home better than what I tell a patient." (Doctor)

### Expanded roles for providers {#sec026}

Some participants discussed integrating oral exams into routine patient care. One participant suggested that the oral exam should be included in the screening protocol.

> "When we are triaging patients, we screen them for TB and things, so I think maybe screening for oral health would not be a bad idea. I mean, if we can screen for TB, why not?" (Doctor)

Another provider suggested that medical providers including oral exams into routine patient care could aid in preventing of oral disease.

> "It could be education about oral hygiene and I guess a small examination of the teeth and the mouth can prevent a bigger problem. So then you can examine and if there is a problem you can defer to a dentist." (Doctor)

While all participants were willing to expand their expertise to include oral health, some identified time constraints as a barrier to uptake. These participants stated that to meet their quota of about 30 patients per day, they were forced to spend far less time with each patient than they would like.

> "All the doctors see 35, or 20 if you are an intern. So we don't really have time to do more than just to get the complaint, treat, sort out, or refer the next patient. You have a very short time with every patient. But sometimes I educate them, but then to go beyond that, probably not." (Doctor)

### Colocation of services {#sec027}

Providers stressed the most effective intervention in increasing access to care would be establishing oral health services at GCHC. They suggested that lack of oral health services at the facility was a both a barrier to patients accessing oral health care and contributed to their own lack of oral health knowledge. Participants stated that colocation of care would increase efficiency in care delivery and improve patient experience. They explained how physical separation of medical and oral health services directly impacts patients in terms of limiting access to care.

> "I mean just if everything is in one place, it's easier to access. I mean, if a patient comes to see me for hypertension and they've got like a minor toothache, or minor dental complaint, I feel that they might get lost to follow-up if I say you have to go to NY1. I don't know what the situation is there, go there and see what you can find out, whereas if I have a dentist at my facility, it will be like Dr So and So is the dentist, he or she is just over there, just pop around the corner and go and see him or her." (Doctor)

Furthermore, participants discussed how colocation of medical and oral health care would improve efficiency and increase access to needed care.

> "If the patient comes with a dental problem, that means we will refer the patient to the dentist, and it would be an advantage for the patient not to go back and forth. If there were a dentist at GCHC and the patient is coming for treatment like ARV, he or she could also be seen for the dental problem, in Gugulethu." (Clinical Nurse Practitioner)

Participants also explained that colocation would allow for inter-provider communication. This direct communication between providers from different specialties allows for shared knowledge and case discussion. Participants stated that this communication is beneficial to them because they are then able to exchange information, discuss cases, and learn from one another.

> "Having a dentist on side would help a lot, because it means I will know where to refer. It means if I have a question, I will know where to go and ask. It means if I'm struggling with something, like I'm not sure whether it's an oral health problem or not then I will be able to go and ask that specific person that's working there."(Professional Nurse)

In addition to also improving patient experience, participants gave examples of other specialties, such as psychiatry, located at GCHC from which they benefited directly.

> "If I need some advice from the psychiatrist who comes once a week, I can go when he's here and say hi, can I have some help with something, and we can talk about whatever issue I have, or any of my staff have. But you can't do it with the dentistry team because they're not here." (Doctor)

Discussion {#sec028}
==========

In this qualitative study, we found that general medical providers at all levels of care in this particular setting---a community health center in a low-income area of South Africa---viewed oral health as an important aspect of overall health. Participants of this study recognized that they had insufficient knowledge to accurately manage, through triage, referral, or even treatment, patients with oral health complaints presenting to their clinics. Factors leading to this uncertainty ranged from lack of training, interprofessional communication, and time---a perceived barrier to care. Awareness and education are necessary for health professionals at all levels of care to triage and refer appropriately so that patients may access the oral health care they require. While participants suggested improving oral health required personal responsibility with respect to both hygiene and to some extent nutrition, they also recognized the barriers to resources necessary to achieve these goals associated with living in resource poor settings. Participants identified and discussed a wide variety of interventions aimed at increasing access and utilization of oral health care ranging from low to high cost, thus providing a framework for choosing reasonable interventions based on available resources ([Fig 1](#pone.0233437.g001){ref-type="fig"}). Interestingly, no differences were seen in themes across cadres of health professionals.

![Proposed interventions categorized by level of required resources.\
These interventions are based on participants' ideas not all of which were included in the representative quotes used in the manuscript.](pone.0233437.g001){#pone.0233437.g001}

Our findings suggest that reliable and sustainable means to ensure appropriate oral health care delivery may include colocation of medical and oral health services and increased focus on prevention of oral disease at both medical and oral health facilities \[[@pone.0233437.ref016]--[@pone.0233437.ref018]\] Basic oral health counseling may also improve both oral and general health outcomes in communities lacking access to preventive oral health care or high quality oral health services. Streamlining care delivery and improving access to oral health care may improve patient care overall. In the United States, recognition of the need for improved access to quality dental services led to a push to increase integration of care. In 2011, the Dentaquest foundation set forth a continuum of integration models including the Early Childhood Oral Health program, which integrates oral health into primary care for the Medicaid population \[[@pone.0233437.ref019]\]. Other models involve expanding provider roles by training doctors to provide preventive oral health services such as placing fluoride varnish and preparing dentists to screen for systemic disease \[[@pone.0233437.ref020],[@pone.0233437.ref021]\]. A 2018 systematic review suggests that several models of integrated care exist for pediatric populations in the United States, primarily in the setting of Federally Qualified Health Centers aiming to improve access to care for low-income communities \[[@pone.0233437.ref022]\]. A recent case study of four programs integrating preventive oral health services into primary care settings suggested that this activity serves to increase the delivery of oral health care and provides efficiency in care coordination \[[@pone.0233437.ref023]\].

Participants recognized the connection between oral and systemic health and may be able to easily target both oral health and noncommunicable diseases by addressing shared risk factors and building on clinic practices already in place. Oral disease and systemic, noncommunicable diseases (NCDs) such as hypertension and diabetes are linked, share common risk factors, and are prevalent among populations such as that served by participants of this study \[[@pone.0233437.ref012]\]. Furthermore, many systemic diseases (e.g. HIV) exhibit oral manifestations. Already, providers at GCHC counsel on behavior modification to prevent occurrence of NCDs and/or to improve the health status of those suffering from NCDs. Some even noted the link between systemic and oral disease. Coupled with education, providers may expand their routine primary care to include both a cursory oral exam and oral health counseling within standard behavior modification. While providers cited time as a barrier to expansion of provider roles, even solely recognizing shared risk factors between NCDs and oral disease would allow for more integrative behavior modification and nutritional counseling. Expanding and integrating care among both medical and dental providers may also help to alleviate the impact of provider shortage on patient access to care \[[@pone.0233437.ref020]\].

Education in basic oral health both during medical training and as continuing education was suggested as a possible intervention to better prepare providers to address and triage oral health issues \[[@pone.0233437.ref024],[@pone.0233437.ref025]\]. While overarching institutional changes may be necessary to improve provider knowledge in the long-term, more immediate options include providing continuing education on common oral health issues to providers practicing in settings such as GCHC. Such programs can provide customized training on best practices for approaching oral health conditions that are common in each particular setting and population \[[@pone.0233437.ref025]\]. Training can also be tailored to all levels of provider ranging from the health promoter to nurses and doctors. GCHC, like many community health centers, provides one-day in service training courses for their employees on health topics relevant to their patient population. Inclusion of oral health training may lead to improved patient care based on increase provider knowledge.

This study has a number of strengths and limitations. It provides valuable information on a range of interventions to increase the quality and efficiency of oral health care available to residents of resource-poor communities relying on state sponsored medical services. The findings described here reflected an in-depth understanding of one clinic and included participants from all levels of medical care. Participants offered a wide range of potentially impactful interventions and reflected on their own knowledge, training, and patient care. Enthusiasm with respect to oral health care among the participants may have been influenced by the interview itself, thus limiting the findings presented here. Furthermore, findings reported here do not attempt to comment on prioritization relative to other potential initiatives within the clinic. The sample size was small; however, it was sufficient to reach thematic saturation. While qualitative studies are not generalizable due to the nature of the methodology, these results may be applicable to residents of similar communities across the region. Additional studies are needed from community-based samples in multiple settings to gain a deeper understanding of dental care knowledge and delivery among medical providers broadly. Next steps include harnessing this enthusiasm to develop and evaluate the efficacy of the suggested interventions to improve access to quality oral health care services.

The authors gratefully acknowledge each participant for their time and willingness to participate in this study.
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The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Data collection should be empirical in any research design. In qualitative designs, validity and robustness of data is substantiated by the following:

1\. Trustworthiness

2\. Credibility

3\. Reflexivity and bracketing

I would suggest the authors add information on the above in the the Methods section.

Reviewer \#2: 1. Introduction: First Paragraph -- add oral health risk factors in the statement of "causal factors"

2\. Introduction: Second Paragraph -- Instead of using the phrase 'developing countries', I suggest using -- low-income or high-income countries. Because all countries are developing, even high-income countries.

3\. Methods: Study Site -- What is a NYI Clinic?

4\. Methods: Qualitative Data Collection -- Why efforts were not made to conduct interviews in a local language? Do authors have full confidence that they did not miss information with English?

5\. It would have been helpful to get insights from the nearby dental clinic with regards to flow of patients, type of services provided and linkage between the two facilities.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

###### 

Submitted filename: PONE-D-19-29072_reviewerME.pdf

###### 

Click here for additional data file.

10.1371/journal.pone.0233437.r002

Author response to Decision Letter 0

22 Jan 2020

Response to Reviewers:

Reviewer \#1:

1\. The Title may require revision to \'Perceived oral health interventions by medical providers in Gugulethu, South Africa\'. It is not clear as it is

Response: We thank the reviewer for the suggestion and have changed the title accordingly.

2\. Inductive based on which hypothesis or theory or premise?

Response: We apologize for any confusion. We mean inductive based on grounded theory. The methods have been updated to state this explicitly (page 6):

"Factors influencing access to oral health care were identified using an inductive conventional content analytical approach based on grounded theory"

3\. Define a physician. In the South African context a physician is a trained specialist doctor with a masters degree. Rather the authors called it \'doctor\'.

Response: Thank you for this suggestion. We have replaced 'physician' with 'doctor' throughout the manuscript.

4\. Data found in the manuscript is only chosen excerpts. One hour long audiotapes and relevant transcripts were not accessed by Reviewer and are not in the manuscript.

Response: Representative quotations are directly pulled from the transcripts were used and the authors are willing to provide the transcripts in their entirety should the editors require it.

5\. Local public sector health services are provided free-of-charge (Reference?)

Response: The reviewer is correct. The following reference has been added to further describe the local healthcare system:

14\. Earnshaw VA, Bogart LM, Courtney I, Zanoni H, Bangsberg DR, Orrell C, Goggin K, Katz IT. Exploring Treatment Needs and Expectations for People Living with HIV in South Africa: A Qualitative Study. AIDS Behav. 2018; doi:10.1007/s10461-018-2101-x.

6\. add \'with\'. Experience with caring for \...

Response: This change has been made.

7\. Data collection should be empirical in any research design. In qualitative designs, validity and robustness of data is substantiated by the following:

1\. Trustworthiness

2\. Credibility

3\. Reflexivity and bracketing

I would suggest the authors add information on the above in the Methods section.

Response: To address this comment the following was added to the methods section (page 5):

"Prior to any data collection, the interviewer (RFL) established rapport and trustworthiness at the clinic through several informal visits. His credibility was supported through an introduction by author CO, who has worked with the community for 20 years. To prevent reflexivity and bracketing, the RFL reassured staff that their opinions were highly valued and should not be influenced by himself or others."

8\. I do not understand why is this sub-theme or category under the overall theme of ORAL HEALTH KNOWKEDGE. It seems to be related to PATIENT CARE , more so as it related to I access to care.

Response: Thank you for this comment. This subtheme describes the knowledge the providers have of the social issues such as poverty that impact oral health. We therefore believe it belongs in the theme of Oral Health Knowledge. To clarify the meaning of this subtheme, we have changed the heading to "Understanding the impact of poverty on oral health."

9\. Time constraints later become the authors\' main point of discussion numerous times in the discussions. It is suggested that it noted as a stand-alone sub-theme under Patient Care as it is highlighted as the one of the main barriers.

Response: In the discussion, we comment on how time constraints can impact 1) attaining sufficient knowledge (page 19) and 2) expanding provider roles (page 21). We appreciate the reviewer's suggestion to make time constraints a stand-alone sub-theme; however, the participants spoke about time in the context of these other topics as currently presented in the Results. We therefore feel reorganization would not accurately capture their views.

10\. Time, a perceived barrier to care

Response: This change has been made.

11\. Study Limitations?

Response: Study limitations are listed in the last paragraph of the discussion. We have edited this section (page 22) in the following way to further clarify the limitations:

"This study has a number of strengths and limitations. It provides valuable information on a range of interventions to increase the quality and efficiency of oral health care available to residents of resource-poor communities relying on state sponsored medical services. The findings described here reflected an in-depth understanding of one clinic and included participants from all levels of medical care. Participants offered a wide range of potentially impactful interventions and reflected on their own knowledge, training, and patient care. Enthusiasm with respect to oral health care among the participants may have been influenced by the interview itself, thus limiting the findings presented here. Furthermore, findings reported here do not attempt to comment on prioritization relative to other potential initiatives within the clinic. Additional studies are needed from community-based samples in multiple settings to gain a deeper understanding of dental care knowledge and delivery among medical providers broadly. Next steps include harnessing this enthusiasm to develop and evaluate the efficacy of the suggested interventions to improve access to quality oral health care services."

12\. Did gender or sex influence any of the perceptions as it is noted that there were more females than male participants.

Response: The reviewer raises an interesting point; however, no participants mentioned gender, nor did we see patterns of perceptions by gender.

Reviewer \#2:

1\. Introduction: First Paragraph -- add oral health risk factors in the statement of "causal factors"

Response: The sentence refers to the role that poverty, inequality, and systemic disease play in the epidemic of poor oral health. To clarify that point, we have edited the sentence in the first paragraph. It now reads (page 3):

"The World Health Organization (WHO) recognizes the need to address the epidemic of poor oral health, acknowledging poverty, inequality, and systemic disease as contributing factors, in addition to traditional oral health risk factors such as smoking and diet."

2\. Introduction: Second Paragraph -- Instead of using the phrase 'developing countries', I suggest using -- low-income or high-income countries. Because all countries are developing, even high-income countries.

Response: Thank you for this suggestion -- the change has been made (page 3):

"Access to high quality oral health care is of particular concern in low-income countries and resource-poor communities due to limited infrastructure and a shortage trained oral health providers serving the public sector."

3\. Methods: Study Site -- What is a NYI Clinic?

Response: NY1 Clinic is the name of the clinic where dental services are offered. This has been clarified in the following way (page 5):

"In Gugulethu, free oral health services are only provided at once facility called NY1 Clinic, which is affiliated with GCHC but located approximately one kilometer away."

4\. Methods: Qualitative Data Collection -- Why efforts were not made to conduct interviews in a local language? Do authors have full confidence that they did not miss information with English?

Response: The participants all spoke English fluently, which we now clarify in the paper as follows (page 6):

"Interviews were conducted in a private location in English (as English is routinely used among health care professions and all participants were fluent in it)\...

5\. It would have been helpful to get insights from the nearby dental clinic with regards to flow of patients, type of services provided and linkage between the two facilities.

Response: We agree that insight from the dental clinic is valuable. Additional interviews were beyond the scope and resources of the current study; however, a future follow-up study will provide insight with respect to perceptions of interventions described here from the vantage point of oral health providers.

###### 

Submitted filename: Response to Reviewers_Final.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0233437.r003
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© 2020 Janhavi Ajit Vaingankar
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Janhavi Ajit Vaingankar

This is an open access article distributed under the terms of the

Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

14 Apr 2020

PONE-D-19-29072R1

Perceived oral health interventions among medical providers in Gugulethu, South Africa

PLOS ONE

Dear Haberer,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by May 29 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Janhavi Ajit Vaingankar

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: N/A

Reviewer \#3: N/A

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: No

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: (No Response)

Reviewer \#3: This is a well written article. The revisions to the manuscript are appropriate. I would like to request the authors to elaborate on the study limitations. Currently this section is very brief. Would there be other limitations of this work? can these findings be replicated to other settings? Are the study participants likely to reflect experiences of most patients in the clinic/region? These could be elaborated further.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0233437.r004

Author response to Decision Letter 1

21 Apr 2020

Editor: The PLOS Data policy requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Response: We appreciate the importance of sharing original data; however, we have concerns about participant anonymity (see Tsai et al, Soc Sci Med. 2016 Nov;169:191-198). We have therefore added the following to the Methods section of the manuscript (page 6):

"Full transcripts of the interviews and the codebook are available upon request and will be redacted appropriately to maintain anonymity of participants."

Reviewer \#3: This is a well written article. The revisions to the manuscript are appropriate. I would like to request the authors to elaborate on the study limitations. Currently this section is very brief. Would there be other limitations of this work? can these findings be replicated to other settings? Are the study participants likely to reflect experiences of most patients in the clinic/region? These could be elaborated further.

Response: We thank the reviewer for the suggestion and have added the following to the limitations section of the manuscript (page 22):

"The sample size was small; however, it was sufficient to reach thematic saturation. While qualitative studies are not generalizable due to the nature of the methodology, these results may be applicable to residents of similar communities across the region."
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Dear Dr. Haberer,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Janhavi Ajit Vaingankar

Academic Editor

PLOS ONE

10.1371/journal.pone.0233437.r006
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14 May 2020

PONE-D-19-29072R2

Perceived oral health interventions by medical providers in Gugulethu, South Africa

Dear Dr. Haberer:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Ms Janhavi Ajit Vaingankar

Academic Editor

PLOS ONE
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